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 I. The Potential for Disasters in Urban Area   An Introductory 
    Consideration 
    Generally speaking, many disasters come into being in accordance with urban 
growth, and they are called "Urban Problems". Among such problems there 
are social disorder, increased crime and vice, increased danger of fire, confusion 
of traffic, shortage of water supply, high land-value, and also the evil influences due 
to the smoke or gas exhausted from factories and automobiles, and the poluted water 
from factories and depression of ground. 
   These phenomena present themselves gradually or seemingly all of a 
sudden in accordance with urban development. These disastrous phenomena, 
the author thinks, are the phase that come out of balance between the concentra-
tion of population and the number of houses, or between increased density and the 
increase and the improvement of urban equipments. Therefore, urbanism in itself 
contains many kinds of the potential elements for disasters, some of which 
appear as a disaster when the above-mentioned unbalance comes into a form. 
Namely, the unbalance is the factor for disasters. 
   On the other hand, there are other kinds of potential elements for disasters, 
which are physical and are originated in the site of the urban area. Such 
potential elements are well known as physical conditions or physical environments. 
They are climate and geologic  elements: Storm, heavy rain and snow, drought, 
weak ground, landslide, earthquake, volcanic eruption, tsunami, high tide-water, 
coastal erosion, flood, etc. Some of these elements sometimes become the factors 
for disasters. However, each urban area has not all of the elements put together but 
a part of them. 
   In short, it is considered that the potential elements for disasters are 
existent within an urban community or an urban area accompanied with its 
growth and due to its site, and the elements come to appear as disastrous damages 
when the social and physical factors for disasters are attacked. 
 * Dr .  Sci., Professor of Geography,  Fac.  Educ., Tohoku Univ.
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   Therefore, the author will discuss in this paper on the relation between 
potential elements and disastrous factors taking the example of the disasters in 
Niigata City due to the Niigata Earthquake, June 16, 1964. 
2. The Destruction in the Urban Area of Niigata City, due to the 
   Niigata Earthquake 
   a) Four Characteristics of the Damages 
   The author had already reported') the outline of the destructions due to the 
Niigata Earthquake and pointed out four characteristics of the aspects of the 
damages. The first is the local distribution of the damages of earthquake-proof 
buildings, which were slanted by some degrees or subsided by several meters (Fig. 1, 
Photo. 1). The second is the phenomena that a large amount of ground water jetted 
out with much sand just after the earthquake (Fig.  1, Photo. 2). The third is that 
the inundation of sea water was caused by the  tsunami in the area near the mouth 
of the Shinano River and the water stayed there for a few weeks because the 
area was a heavily depressed zone by the over-pumping of ground water and natural 
gas (Fig. 1, Photo. 3). And the fourth is that the fire breaks out from the factory 
of oil refinery and it spreads to the adjoining residences (Fig. 1, Photo. 4). 
   b) The Relation between the Physical Conditions of the Ground and the 
Damaged Area 
   The urban area of Niigata consisted of two districts in the recent age as is 
shown in the map surveyed in 1911 and revised in 1931 (Fig.  2). The main part is 
the west side of the Shinano River and the other part is to the east of it. The 
former is called West Niigata and the latter Nuttari, including the harbour area, 
nowadays. They are different in their origins and also administratively. In 1914 
both units were combined to make one administrative unit. In 1946 the administra-
tive area of Niigata City was enlarged to the south. 
   The damaged areas are on both sides of the Shinano River. This part of the 
city had been gradually built up connecting the port area, the old railway station 
area, and the central business district of West Niigata. That is, the recently 
conurbated area is the area with agglomeration of damaged buildings. 
   Nine years after the southward administrative enlargement, a new railway 
station was constructed to the south of the old station in the middle of rice-fields. 
Since then a typical conurbation has been going on with the railroad station as its 
center, and it has been accelerated by new city planning (Fig.  3). This area is 
 1) Ken-ichi Tanabe, Norio Hasegawa: Report on the damages due to the Niigata 
         Earthquake (in Japanese). Ann. Tohoku Geogr. Asso., Vol. 16 (1964 Sep.), pp. 140-
       145
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Fig.  I. Distribution of damaged area
more severely damaged, which is shown in the detail map, Fig. 5. 
   Until the areas were built-up due to the both conurbations, those areas were 
the river beds of the present and the former river channels, as is clear 
from the comparison of the two maps (Fig. 2, 3). Therefore, it is evident that 
the ground in those areas is very weak in bearing capacity. The disastrous 
damages in those area are directly connected with the weak ground, to being with. 
   Furthermore, one may say that the whole urban area in Niigata is on the weak
 11.2  K.  TANA135:
Fig. 2 Niigata  district in  101  (surveyed  in  1911  and  revised in  1931)
 Fig, 3 Niigata district in 1954 (surveyed in 1911 and  re-revised in 1954)
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ground as is shown in the old maps of the 
river mouth area2) (Fig.  4). Nevertheless, 
the bound of the damaged areas are wonder-
fully coincident with the recent river channels. 
And the extent of  jet water and sand areas 
is also same as the damaged area. The same 
kind of jet had occurred at the time of 
another earthquake (Zenkoji or Shinano Ear-
thquake, 24 March, 1847), but accurate data 
are not available to know the distribution. 
If the old  jet area is in the present non-
damaged area, it would be interesting and 
illustrating. Although the details are not 
clear, the author believes that the layer which 
had  jetted ground water consolidated and in 
the next earthquake the spontaneous liquefac-
tion of the layer does not occur and the 
ground water and sand scarcely  jet out of the 
layer. 
   That is to say, in the western part of 
Niigata containing C.B.D. there were no jet 
phenomena nor slanted buildings, because the 
ground  had been fastened due to the last 
great earthquake. 
   c) Un-tilted Buildings in the Damaged 
Area 
   Fig. 5 shows the detail of damages in 
recently  built-up area. As is shown in Photo. 
 1c, earthquake-proof buildings are not broken 
but are almost tilted. The directions and  Fig. 
degrees of slant are somewhat irregular (Table 
1.). 
   Wooden houses in this area are mostly not broke:
Urban Area 113
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2) Map of Niigata City and its Environs, Fujinami  Publ. Co. (1954) 
   Geogr. Inst., Tokyo-Kyoiku Univ.: Report of the sruvey on the coastal deposits at 
      Niigata (in Japanese), pp. 1-192 (1962); pp. 30-32 
   K. Kuroda: Surface geology of Niigata City and its vicinity, Journ. Japan Society of 
      Photogrammetry Vol. 3 (1964), pp. 103-109
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Fig.  S Detail map of a part of damaged area (oblique line: wooden house area) 
                       Table 1.
No. Slanted from vertical Storeys
Jet-water level from 1st floor  (—) 
 and upheave from around (+)
 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20
 0° 4-6  +30cm 
0° 1 —30 
0° 2  —50 
NE4° SE2° 8 +30(west corner) —70(east corner) 
SE1° 3 —33 
NW2° 4 —17 
0° 4 —27 
NE2° 2  —20 
 SW1° NW1° 4 —85.6 
0° 10  +20 
(ground  work  —  under construction) 
0° 5  —25 
0° 2  —45 
SW2° NW2° 4  —50 
0° 1 —10 
SW2°  5E1° 5 —92 
SW1° 3 —84 
N2° 5 —130 
 N6° 2 —136 
NE2° NW6° 3 —140
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Table 1. (Continued)
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44
SW1° NW4° 
 NE1O°  NW15° 
NW2° 
NE3°  SE1° 
SW1°  SEl° 
 SW1° 
SE2° 
NE1°  NW2° 
 0° 
NE2°  SE1° 
NE1° SE2° 
NE1° NW2° 
 SW1°  SE1° 
NE1° 
NE2° 
 NE1° 
0° 
 0° 
 SE1° 
NE2° NW2° 
 SW1° 
 SW1° 
SW3° NW2° 
SW3° NW2°
3 
4 
3 
3 
3 
4 
3 
3 
3 
3 
2 
3 
3 
2 
2 
3 
3 
4 
3 
2 
2 
 3 
3 
3
—140 
 —130 
 —145 
—100 
 —  45 
 — 45 
—130 
—100 
 —20 
 —  55 
 — 33 
—113 
—100 
 —35 
 —72 
 —66 
 —80 
 —25 
 —58 
 —68 
 —78 
 —46 
 —  45 
 —91
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78
 0° 
SW6° NW2° 
SW1°  NE1° 
NW4° 
NW1° 
 0° 
SW1°  NW1° 
 SW1° 
SW2° 
 Nl° 
 Nl° 
 NE1°  SEI° 
SW1°  NW2° 
SW1°  SEl° 
SW2° NW1° 
N2° 
 SW1° 
S4° 
 W1°  Nl° 
El° SI° 
W2° 52° 
 SE1° 
SW2°  SEl° 
NE1° 
NE2° SE2° 
 0° 
E2° N4° 
SW2° NW1° 
NE2°  NW1° 
 WI° N4° 
E2°  Nl° 
E2°  Sl° 
W4°
2 
4 
3 
3 
2 
3 
3 
3 
2 
3 
3 
4 
3 
3 
3 
5 
4 
4 
3 
2 
3 
3 
2 
4 
3 
9 
3 
3 
3 
3 
4 
4 
3
 —  71 
—108 
 —70 
—109 
—100 
 —27 
 —69 
 —  25 
  0 
 —15 
 —60 
 —65 
 —45 
 —50 
 —50 
 —80 
 —  55 
—120 
 —  70 
 —15 
 —98 
 —  8 
 —  25 
 — 20 
—102 
  0 
 —80 
 —16 
 —52 
 —  80 
—120 
—120 
 —40
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which were close to concrete buildings and were dragged due to the sinking of 
 buildings. The weight of a wooden house is lighter , of course, than a concrete 
building, so the former does not depress the ground as the latter does. It may be 
considered that the weight of a concrete building strengthens the depression . 
However, it is ture that when the bearing capacity has decreased due to the 
spontaneous liquefaction of sand layer heavy things sink deeper than light ones. 
    While, there are some buildings which remained stable even in the middle
of the damaged area as is shown in Fig. 5. They are mainly the buildings in 
a large group. What does it  mean  ? 
    When the construction of the new railroad station building was started, the 
ground was carefully surveyed and the data were analysed in detail3) (Fig. 6). As 
the result the existence of the sand layer in which the danger of spontaneous 
liquefaction would be occurred by some impacts was discovered, and the ground 
work was elaborately operated. 
    Large buildings like the railroad station were seldom tilted , neither depressed 
but relatively upheaved by 10 to 30 cm. That is because the piles under the build-
ings were driven deeply into the solid layers beneath the unstable sand layer , 
–3 m to –12 m thick . 
    On the other hand, many buildings were on short piles or sometimes no piles, 
making them tilted and sank. 
   Properly speaking, the damages of the buildings were not related directly to 
the physical conditions of the ground, but the constructors were responsible to them . 
In other words, the damages of buildings were caused by human agency, not 
by natural. Of course, even if the ground is unstable , if the ground work is 
complete, the damage should have not appeared as they are. 
3. Conclusion — What Kinds of the Disasters in  Niigata are either Natural 
   or  Unnatural  ? 
   The author considers that the main factors that caused the disasters in Niigata 
are firstly the severe earthquake, and tsunami in the second . The impetus that 
enacted the potential elements into disastrous damages, however, is not merely 
the natural factors but also human agencies. 
   The author classifies the factors for damages in Niigata as  follows  : The 
calamities as natural phenomena are such as the bent runway in the air port 
(Photo. 5), the waved rails, the cracks in the ground and ground water and 
 3) Technical Institute of the National  Railway: Report of the synthetic survey on the 
        ground for the construction of new Niigata Station (in Japanese), Jan. 1956,pp.
        1-8 and  1-10 graphs
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Fig. 6 Boring data at  raillway stataion building 
   There are the blue coloured loose sand layers containing with silt layers or silt 
and sand alternating layers between the upper light brown coarse or middle sand 
layer and the lower brown ones. It has been said on the report that the both 
brown sand layers were fitted and there were the danger which spontaneous 
liquefaction would be  occured in these loose layers.
sand jetted out (Photo. 2). The calamities which are not natural in their 
nature are such as the inundation of sea water caused by tsunami  which stayed for 
a few weeks, earthquake-proof buildings slanted or depressed, the newest 
bridge which had fallen (Photo. 6), and particularly the fire which broke out at 
the oil refinery and spread to the near residential district. 
   It is the base of the classification that the former disasters are unable to
118 K. TANABE 
prevent, while the latter could have been prevented. 
   The author wants to conclude that there are not too many natural calamities 
in urban areas, but unnatural ones are many. Unnatural  calamities sometimes 
are misunderstood as natural or reduced to public disasters, and the responsibilities 
for the damages are imputed to urban development or urbanization.
                         Appendix 
   As is shown in Photo. 7, there is another kind of disasters around the City of 
Niigata. They are mainly the damages on agricuiltural lands. In the case of rice-
fields, the damages are depression of land and water-and  sand-jets. Young-rice 
plants were withered by the inundation due to the depression of fields, or washed 
away by waterjets and  burned under the sand-jets. While, in the case of dry-fields 
such phenomena were presented in limited areas. Accordingly, these damages had 
distributed on the areas of the back marsh of sand beach or natural levee and of 
the post river channels at the Niigata alluvial plain. In other words, this plain 
has the potentiality for disasters in the form of physical condition, and the 
potentiality is materialized as disasters in time of the earthquake. So that the 
calamities in agricultural lands are directly caused by earthquake, with no relation 
to the destructions of the artificial constructions for agriculture, and are purely 
natural disasters in their nature.
                 The Characteristics of the  Di 
                                  $004' 
Photo  la Slanted Buildings (No  72--78) 
 Only one building (No  71) is un-damaged 
 buildings are slanted  foreword,  1)ack‘kard,  or to
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Photo lb Slanted and Sunk Building (No 
   It is an irony that  "Niigata Pref 
 sign-board. The building has sunk by 
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Phot. lc Slanted and Stable Buildings 
   Small building (No. 70) is slanted to 
 the left  and the un-damaged building 
 (No. 71) is the same one shown in the 
  Photo  la.
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Photo.  ld.  Slanted Apartment Houses 
   Ground works of these apartment 
 houses were not piled, so the all build-
 ings were slanted and one of build-
 ings had fallen. The area of the left 
 hand from the main street are depressed 
  zone.
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Photo  le  Depression 
   The effects of the 
 and wall are pulled
of Building (No 
depression  extend 
 down.
16) 
 only  2m from the  building Blocks of pavement
*me.
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 Photo  if Sunk Building (No 
   The building in this side 
 building over there (No 22)
32) and the Mark of 
sinks 70 cm and the 
slants heavily
 Jetted 
mark
Water Level 
 is 60 cm above the road The
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 Photo. 2a  Group of  Jet-holes  at the  Public  Hall 
 Large amount of  ground  water  and sand are  jetted out from  these 
 There  are  many  holes  in  the  jet-water  area, and  their  feature and 
 distribution  pattern is  nearly like  to  that of  the  small  holes shown 
 photographs of the moon surface at a  glance.
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Photo. 2b Crack and Jetted Sand 
   The thickness of sand is 28cm and
44,   '1* 
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the length of the crack is about 3m.
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Photo 3 Deprssed Zone near the 
 Harbour 
   The river mouth area were the 
 depressed zone due to the overpump-
 ing of natural gas and ground  water 
 The earthquake had strengthened 
 the depression and moreover had 
 broken the protect wall of the 
 riversides, so that  tsunamr had 
 inundated and stayed
Photo 4a Burnt  Area near the Oil 
 Refinery 
   The  lower parts of houses under 
 sea water due to tsunami have not 
 been burnt Sand on the garden 
 shows that jetwater has occurred just 
 after earthquake and before  tsunami 
 The factory of thermal power-station 
 over there is un-damaged
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 Photo.  4b Oil Refinery and Tanks on Fire viewed from  the north
Photo 5. Bent  Runway 
The runway is bent to southward (right) 4m among  1000m.
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Photo. 6 Broken Showa Bridge 
   Showa Bridge is  built  One
                                               00, 
 loth.  r e  a ri e and Other  un-damaged  Bridges. 
 one month before the  earthquake. The 
clustered buildings at the left corner of this photograph is C. B.  D.
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7 Damage of Rice-field 
Two weeks after the earthquake
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Photo 
      (upper). Two months after (lower) 
   No harvest  in these depressed fields and jet-sand areas
